Darwin's claim 'that the difference in mind between man and the higher animals . . . is certainly one of degree and not of kind' is at the core of the comparative study of cognition. Recent research provides unprecedented support for Darwin's claim as well as new reasons to question it, stimulating new theories of human cognitive uniqueness. This article compares and evaluates approaches to such theories. Some prominent theories propose sweeping domain-general characterizations of the difference in cognitive capabilities and/or mechanisms between adult humans and other animals. Dual-process theories for some cognitive domains propose that adult human cognition shares simple basic processes with that of other animals while additionally including slowerdeveloping and more explicit uniquely human processes. These theories are consistent with a modular account of cognition and the 'core knowledge' account of children's cognitive development. A complementary proposal is that human infants have unique social and/or cognitive adaptations for uniquely human learning. A view of human cognitive architecture as a mosaic of unique and species-general modular and domain-general processes together with a focus on uniquely human developmental mechanisms is consistent with modern evolutionary-developmental biology and suggests new questions for comparative research.
INTRODUCTION
In the past 30 years or so, research on comparative cognition has provided unprecedented support for Darwin's [1, p. 105] claim that 'the difference in mind between man and the higher animals . . .. is certainly one of degree and not of kind'. At the same time, however, experiments on processes such as planning, physical understanding and theory of mind in nonhuman animals (henceforth animals) have provided new reasons to question this claim, so many that on one view [2] it is 'Darwin's mistake'. For example, although many animals are exquisitely sensitive to past and present behaviour of social companions, their responses need not demand theory of mind [3] [4] [5] . Such 'killjoy' [6] interpretations of animals' humanlike behaviour, together with increasing amounts of relevant data, have stimulated a virtual epidemic of new theories of human cognitive uniqueness. The most prominent are domain-general, sweeping characterizations of the differences between humans and other species. Meanwhile, human cognitive psychology is seeing the development of domain-specific dualprocess theories with a common theme: adult humans' cognition shares simple basic processes with that of other animals while additionally including one or more unique, slower-developing, usually slower-acting and more explicit, consciously accessible, processes.
In this article, I discuss contemporary approaches to human cognitive uniqueness, starting with domaingeneral theories and then, after a digression on cognitive modularity, looking at domain-specific theories. I conclude with theories that go beyond characterizing the differences between adult humans and animals to ask what species-specific process(es) underlie the development of uniquely human aspects of cognition. Besides being most consistent with evolutionary-developmental biology more generally, this approach suggests new questions for comparative research.
A few foundational issues are brushed under the carpet here. First, consideration of Darwin's claim assumes that researchers can agree in any given case on what counts as a 'kind' versus a mere 'degree' of cognitive difference. But evidence for human cognitive uniqueness ranges from clear-cut to deeply contentious. The continuing evolution of relevant data and theory for humans may make agreement difficult. Moreover, reports of unexpectedly human-like performance in another animal often stimulate sceptics to suggest explanations based on 'simpler' mechanisms than those believed to be used by humans [7] . For instance, monkeys and apes may perform actions that benefit conspecifics, not because they reason about the effects of their actions on others but because of the reinforcement histories of those actions [7] .
A second issue is what species are compared. Strictly speaking, any claim that humans are cognitively unique is impossible to sustain because it presupposes comparison with all other extant species. It also presupposes species comparisons that are thorough and methodologically sound, e.g. 'fair' to all species involved [8] , well controlled for contextual variables [9] , and with multiple tests pointing to the same conclusion. Most provocative new findings do not rise to this standard right away. The traditional approach in comparative psychology, taking a broad sample of species from honeybees to monkeys, largely supported Darwin, by providing evidence for common processes of memory and association formation across the animal kingdom [7, 10] . Contemporary discussions are often based on increasingly rich and detailed comparisons between humans and other primates, particularly great apes [11] . However, some birds may share human cognitive abilities that the common ancestor of birds and mammals lacked, apparent cases of convergent evolution [12] . All these approaches are important for understanding the evolution and function of cognition, but the bottom line is that theories of human uniqueness are inevitably provisional. In any case, although writers tend to focus on their pet version of 'the small difference that made a big difference', most recognize that the multitudinous behavioural and cognitive differences between humans and other species cannot necessarily be boiled down to a single description or process.
Notwithstanding such caveats, it is important to consider what kind of account of human cognitive uniqueness we want. Which approach is most consistent with the position of comparative cognition at the intersection of other biological and behavioural sciences? Which is most likely to provide new insights into the nature, evolution and function of species differences in cognition? Which best accommodates the fact that the glass is both half empty and half full, that is, that we are both like and unlike other species cognitively, as in other ways.
DOMAIN-GENERAL THEORIES
Any complete account of human cognitive uniqueness-or indeed of cognitive differences among any species-must include at least two basic levels of explanation, what Penn et al. [2] term the functional and the representational levels. The functional level is the characterization of what humans can do that other species cannot. An example is Premack's [13] claim that accomplishments such as teaching, planning and transitive inference in animals differ from their human counterparts in being domain-specific, whereas human intelligence represents an interweaving [14] of abilities that in animals are restricted to a single goal or behaviour system, if they are shown at all. For example, meerkats teach their young only foodhandling skills, and that by mechanisms quite different from those such as theory of mind involved in human teaching [15] . And so far, the most convincing evidence of planning in another species [16] is restricted to food-caching.
But a functional characterization of human cognitive uniqueness requires explanation in terms of an underlying process, what Penn et al. [2] term the representational level. It might be better termed the level of cognitive mechanism or algorithm because the unique cognitive process(es) postulated to explain human cognitive performance need not be essentially representational. Ultimately, of course, a complete theory does not end here. Mechanisms can at the same time be genetic and/or neural, and the most comprehensive discussions include speculation about how and why special human cognitive abilities may have evolved. This article evaluates functional-and representational-level theories, keeping in mind their consistency with other aspects of comparative biology.
One of the most ambitious in depth and scope is Penn et al.'s [2] analysis of recent comparative research on both social and physical cognition, which concludes that humans are uniquely capable of reasoning about higher-order relationships. Animals learn about events, categorize and act almost entirely in terms of first-order or perceptual relationships, whereas we commonly conceptualize the world and reason in terms of abstractions from first-order relationships. This characterization captures and extends to other domains what Povinelli and co-workers, e.g. [17] , have long discussed as the absence of evidence in animals for an understanding of the world in terms of unseen physical or social forces such as gravity or belief. Following Karmiloff-Smith [18] , Penn et al. [2] termed the process underlying it as relational reinterpretation. Like domain-specific theories, the relational reinterpretation theory recognizes that we share many basic processes with other animals. Relational reinterpretation is in effect a human-specific 'supermodule' [2] , a higherlevel process shared across domains.
Not all approaches to human cognitive uniqueness are so clear on the distinction between the proposed generalization over the data to be explained and the psychological process that explains it. Somewhere between descriptive generalization and process is Corballis's [19] proposal that human thought and action are recursive to a degree that other species' are not. For Corballis [19] , the key characteristics of human cognitive uniqueness are mental time travel, theory of mind and-of courselanguage. Each of these implicitly or explicitly involves recursion, the embedding of one entity within another of the same kind, and each has-so far-proved beyond the grasp of any other animal. For instance, in planning (mental time travel into the future) memories of the past are embedded in thoughts about the future. Theory of mind can involve high levels of recursion, as in 'I suspect that you know that he wants me to believe him'. According to Corballis, although language is used to express such thoughts, their recursive nature is independent of language and likely preceded its evolution. Like 'interweaving' [14] , recursion can be taken as an all-embracing characterization of uniquely human cognitive accomplishments or a process-level explanation of them. Also as with 'interweaving', it is unclear how recursion can account for all the uniquely human aspects of thought identified by Penn et al. [2] .
Contrasting with these theories are proposals that a 'difference in degree' in a well-studied cognitive process makes human cognition 'different in kind' from that of other primates, just as an extreme difference in leg length makes snakes 'different in kind' from other reptiles. Corballis [19] acknowledges that some animals may have some small degree of recursive ability, and Penn et al. [2] recognize that animals use some syntactically structured first-order representations. However, the proposal that humans simply have superior working memory is the account of human uniqueness most obviously based on a quantitative difference in an ability already well studied in both humans and animals. This proposal comes in part from students of human cultural evolution as an account of the appearance of tools and artefacts that seem to demand the ability to hold more things in mind than any animal can: a stone and a woman's body and the plan to use a tool to craft the one into a representation of the other [20] .
Although it may seem plausible that increased working memory capacity played a role in human cultural evolution, relevant comparative data from present-day species are ambiguous, illustrating the methodological challenges confronting claims of 'differences in degree'. For instance, chimpanzees' visual short-term memory capacity at one time appeared to exceed that of university students, but students can do as well as the apes when they have as much training [21] . A related claim, linked to findings in cognitive neuroscience, is that humans surpass all other species in executive control. This is supported by comparative studies of primates in discrimination reversal learning [22] and 'patience' or ability to wait for a large delayed reward [23] . It is not clear, however, how either superior working memory or executive control alone could account for the full range of proposed (e.g. by [2] ) discontinuities in performance between humans and other animals. And the foregoing survey hardly exhausts the domain-general functional or process-level accounts of human cognitive uniqueness. For instance, a classic explanation for human cognitive uniqueness is that humans are the only species with (human) language, which might be said to underpin every level of recursive thought, relational reinterpretation and interweaving of domain-specific knowledge.
All the proposals just surveyed focus on cognitive differences between adult humans and adults of other species. However, any species comparison that neglects differences among young animals and developmental trajectories is both incomplete and inconsistent with contemporary evolutionary-developmental biology. It is also inconsistent with increasing recognition in comparative cognitive psychology that species comparisons in cognition, as with any other character right down to genes, can be expected to reveal both elements that are shared and elements that are unique in each one. Cognitive development and shared characters are highlighted in a growing number of domain-specific theories that address in a unified way performance of human adults, infants and young children as well as commonalities between young children and animals. We turn to these before concluding with proposals that unique domain-general processes in cognitive development underlie the unique cognitive capacities of human adults. But first a digression on cognitive modularity.
MODULARITY IN COGNITION AND DEVELOPMENT
Modularity is the property of being made up of somewhat self-contained and independently functioning parts. In any complex system-including biological systems from genomes to bodies-a hierarchical modular structure allows a part to break down or be modified without the whole ceasing to function [24] . Evolvability may be possible only in modular systems, in which parts of the organism can change while other, well-adapted, parts remain relatively unchanged. Modularity is therefore a key principle of evolutionary developmental biology ('evo devo'), which has produced vast amounts of evidence for it [25, 26] . For instance, conspicuous differences in beak size and shape among Darwin's finches reflect activity of a common gene involved in avian beak growth [27] . Similarly in comparative cognition, species that encounter extraordinary demands for spatial memory in retrieving stored food or defending large territories may evolve exceptional spatial memories and hippocampi, while remaining otherwise cognitively and behaviourally similar to their close relatives [28] .
But although modularity is an accepted principle in biology, it is deeply controversial in the cognitive sciences, where it retains the connotations given it by Fodor [29] over a quarter century ago. Fodorian modules are domain-specific, peripheral, perceptual (as opposed to central decision-making) mechanisms, innate, fast-acting (like a reflex), unconscious, obligatory (i.e. acting regardless of circumstances) and encapsulated (i.e. impervious to information outside their particular domain, as olfaction is impervious to auditory information). They are also generally assumed to be neurally specific, i.e. localizable within the brain. Even Fodor himself did not always require cognitive modules to have all these properties [30] . Barrett & Kurzban [31] have convincingly argued that the key property of cognitive modularity is functional specificity: distinct domains of information require distinct processes to operate on them, rules of operation in Sherry & Schacter's [32] terms. Whether such functional modules have other Fodorian properties is an empirical question (see also [30] ).
As a field that straddles the cognitive sciences and evolutionary biology, comparative cognition can lead the way towards an integration of biological conceptions of modularity into cognitive psychology like that proposed by Ploeger & Galis [26] in their discussion of the relevance of key ideas in evo devo for cognitive science. And indeed there is no better evidence for functional modularity in cognition than that from non-human animals [33] . Distinct operations on computationally distinct kinds of inputs are demanded by spatial, temporal and numerical cognition, recognition of animacy or social relationships and so on. Even associative learning is not a general process of information acquisition but a specialization for tracking contingencies, or temporally predictive relationships, among events [34] . But the output of different modules must ultimately be integrated in some way to determine action [35] . Outputs are integrated in memory too, as in episodic-like memory for the what, where and when of events [36] . A strictly modular view seems to preclude processes like associative learning, attention or working memory that cut across domains, although it does not preclude separate modules having some properties in common. It also seems to have no place for general intelligence, for which there is increasing evidence in non-human species ( [37, 38] , but see [39] ). Again, in developmental biology, integration of modular processes is unproblematical, and the sometimes dynamic balance between modularity and integration is of interest in itself [25, 26] .
The way in which issues surrounding modularity play out in comparative cognition is well illustrated by analysis of the 'geometric module' for spatial orientation. The paradigmatic Fodorian modular process is a visual illusion, encapsulated because even knowing one is seeing an illusion does not prevent it. This property inspired Cheng [40] to attribute disoriented rats' reliance on the shape of an enclosure and disregard of more informative coloured walls and objects marking a goal to a geometric module. Young children and individuals of other species show the same domination by geometry, but all overcome it with experience [41] . For humans, language plays a role here [42] . These findings suggest to some [43] that rather than being modular, processing of geometry is 'adaptively combined' with other spatial information. But if the essence of modularity is specificity of processing rules to content (i.e. information domain), some degree of modularity is not incompatible with the use of multiple information sources.
In any case, effective navigation depends on more dissociable, informationally distinct, mechanisms than those involved in processing the geometry of enclosures and local cues within them [34] . The general learning mechanisms discussed by Heyes [7] ensure that a beacon at the location of a goal becomes associated with that goal and acquires value in itself. The valued beacon is now approached from wherever it can be detected, but the representation of the beacon has no inherently spatial content, unlike that of landmark, i.e. objects displaced from goals but in reliable spatial relationships to them. The goals are then localized via remembered and presently perceived direction and distance information, in implicit vector addition. In the classic 'water maze' test for rodents [44] , the difference between these two computationally distinct kinds of learned representation is captured by testing with the dry platform visible (beacon learning) versus invisible (landmark, or inherently spatial, learning). The hippocampus is more important for the latter, an example of neural as well as formal modularity.
An additional basic spatial memory process in vertebrates and invertebrates alike is path integration (or dead reckoning), the ability to keep track of one's direction and distance from a starting point despite twists and turns along the way. Even in a novel environment devoid of landmarks, this short-term memory process analogous to vector addition permits an immediate straight return to the start (usually a nest or burrow) after a single outward journey. Path integration interacts with other spatial learning systems in interesting ways [34] . For example, only if path integration is disrupted by repeatedly rotating the subject (producing 'disorientation') is reliance on geometry revealed. Thus although space might be considered an information domain, domain is evidently a fractal concept, including at least path integration and separate (computationally and experimentally dissociable) mechanisms for localizing oneself and/or goals relative to geometry, beacons and landmarks. Neurobiological analysis reveals yet other processes [45] . Understanding how these interact during learning and performance, at both behavioural and neural levels, is an ongoing project [34, 42, 45] .
Research on the geometric module makes another important point. Although comparative research since Darwin has been testing for human abilities in animals, research going the other way-testing human children and adults for commonalities with other animals-has an equally important contribution to make to theories of human cognitive uniqueness (see also [42] ). Exclusive control by the geometry of an enclosure despite the availability of more informative cues seems irrational, something people would never show, but in fact under the right conditions not only human toddlers but also adults behave exactly like rats [42] . In another example, discussed further below, approximate numerosity discrimination is a shared modular process with the same signature properties in human adults, monkeys and rats [34, 46] , but procedures that preclude verbal counting are necessary for uncovering it. Similarly in the study of tool use, a skill long thought uniquely human (though not by Darwin, see [1, p. 51] , new observations of tool use by wild primates and birds have inspired laboratory tests of the human-like physical understanding assumed to underlie it. Again animals appear to act irrationally, here defying the predictions of folk psychology by failing to avoid traps when using a tool to obtain a reward [47] . But the everyday intuitions of folk psychology are not an infallible predictor of human tool-related behaviour either. For example, human adults choose a tool that merely contacts a reward rather than connecting with it [48] , and without specific experiences, children below the ages of 7 or 8 are poor at innovating simple hook tools [49] . Such findings highlight the need to test folk psychological assumptions by giving comparable tests to humans and animals before drawing conclusions about 'differences in kind'.
DOMAIN-SPECIFIC THEORIES (a) Dual processes and their interactions
Whether or not they subscribe to a modular view of cognitive architecture, most researchers focus on just one or another of Darwin's [1] 'mental powers': memory, language, tool use, imitation and so on. Recent years have seen the development of a number of domain-specific theories encompassing performance not only of human adults but also of young children and other animals. Those sketched here have a common theme: very young children perform much like other species, whereas adults show in addition some uniquely human process(es) or capabilities. Several are embraced by the 'core cognition' approach to cognitive development [42,50 -52] discussed in §5a.
If young children respond in ways shared with other animals and only gradually develop uniquely human forms of cognition, what happens to the simple shared processes? We have already seen suggestions that rather than disappearing or being transformed into something uniquely human, they remain intact, to be revealed in appropriate conditions. The situation for adults is thus as depicted in 'dual process' accounts of reasoning [53] or memory [54] , with two coexisting processes: a basic, quick, unconscious or implicit process which is evolutionarily ancient, present relatively early in life, and shared with other species, and a later-developing, slower, more explicit, uniquely human process. These processes may compete with or complement each other. For example, the 'heuristics and biases' approach to decision-making [55] suggests that mechanisms supporting optimal behaviour for ancestral environments underlie apparently irrational choices in contemporary environments. In common with many other species, humans appear to devalue delayed rewards and to be unduly influenced by relative rather than absolute values of outcomes [56] . Such biases can override any ability to compute the outcome with objectively greater value.
In other cases, as with the geometric module, only when adults are prevented from using the appropriate uniquely human mechanism is the developmentally prior, species-general, one revealed. An example involves the non-verbal transitive inference problems in which animals learn to choose the 'better' in each of a linked set of four or more pairs of items. Human subjects who are required to learn pairs of non-sense items (Japanese characters) while unaware that the items form an ordered set perform like other animals in tests with novel pairs ( [57] , see also [58] ). Implicit transitive inference, the product of associative learning, is evidently available when explicit reasoning is not.
(b) Tool use Many animals are now known to use tools [49, 59] , but their behaviour generally reflects little or no understanding of physical principles [60] . Most evidence for this conclusion comes from laboratory studies in which primates and tool-using birds are tested for their ability to transfer successful tool use to conceptually related but perceptually altered tasks. For example, rooks and chimpanzees learned which end of a stick tool to pull or push to avoid losing a reward down a 'trap' in each of two differently designed transparent tubes. When features of the two training tubes were combined so that only understanding how the traps worked would lead to success, the majority of animals chose randomly [59] . Such findings support a recent theoretical account of human tool use, according to which it involves two processes: technical reasoning (or physical causal understanding) and instrumentally learned skills built on perception of the affordances of objects together with trial and error learning [61] . As other reviewers [59, 60] also conclude, the latter is shared with other animals, whereas the former is unique to humans. By analogy to the proposal about theory of mind to be discussed next [62] , it may be that when people use familiar tools in familiar ways, only the latter, species-general, process is engaged, whereas reasoning about how a tool works is used mainly to explain or predict.
(c) Social cognition and theory of mind Many aspects of social cognition also reflect one or more developmentally early, cognitively simple, phylogenetically ancient cognitive systems coexisting with a later-developing, more demanding, uniquely human system [63] . Stimulated by Premack & Woodruff 's [64] provocative article 'Does the chimpanzee have a theory of mind?', research in this area originally focused on theory of mind in chimpanzees, but it now embraces many other species and aspects of social cognition [34] . Theory of mind is the understanding that other creatures have minds: perceptions, beliefs, desires and the like. In humans, it contributes to many social interactions-communicating, cooperating, teaching and so on. With animals, most relevant research has focused on interactions over food, either cooperative (e.g. seeking information from a knowledgeable human) or competitive (e.g. hiding food from a rival).
Many animals behave as if sensitive to others' knowledge in some tests of this kind, but it is generally agreed [3, 4, 65] that none pass a test of the theoretically critical ability to understand that another individual holds a false belief, a test passed by children by the age of about four. Like younger children, animals pass simpler tests, but whether this is actually evidence for theory of mind is hotly debated [4] . For example, heading for food of which a competitor is ignorant requires only sensitivity to and memory for where the competitor was looking when food was hidden [5] . On one view [3] , no evidence yet available compels the conclusion that animals do anything other than sophisticated 'behaviour reading'. They may generalize over behavioural cues to respond appropriately in novel situations, but they do not understand the causes of others' behaviour in mentalistic terms. Consistent with this view, on one current proposal about human theory of mind [62] , adults have both the fast 'behaviour reading' system available to animals, and slowly developing, more explicit and cognitively demanding, 'mind reading'. The former is primarily responsible for online responses in most social interactions. Support for this theory includes evidence that in human adults concurrent cognitive demands interfere with explicit theory of mind judgements, whereas responses to simple behavioural cues to another's perspective are difficult to inhibit [62] . This dual process theory is supported by a functional argument: rapid, cognitively undemanding, responses to others' behaviour are essential to leave cognitive resources available for other aspects of ongoing cooperative or competitive tasks.
The situations just sketched do not capture all the cognitively interesting processes engaged by social interactions. A contemporary theme in human social psychology is the importance of quick unconscious processes such as automatic evaluation of others [66] , but the extent to which these represent homologies with other species generally remains to be analysed. Comparisons with apes suggest that some, including responses to unfairness and other forms of prosocial behaviour, may be unique to humans, and their evolution may have been the key to the evolution of human culture [67] .
(d) Numerical cognition
Comparative and developmental research on numerical cognition presents the same picture as that on theory of mind. Human infants and other animals have two basic systems of numerical cognition [46] . The small number or object tracking system precisely encodes quantities up to three or four. All numerosities within this signature range are discriminated equally well. In contrast, the approximate large number system discriminates among sets of any numerosity as described by Weber's law: ratios matter, not absolute differences. Sometime during childhood, children in a numerate culture begin to learn about integers, arithmetical operations and eventually perhaps higher mathematics. Learning about integers, the counting numbers that precisely label any numerosity, suggests that the appreciation of number characteristic of the small number system is somehow extended to all numbers. (Authors who recognize only the approximate system give a different account, see [51] .) But the developmentally and evolutionarily prior systems remain intact, as evidenced when numerate adults are given tests that preclude verbal counting [46] . And in tests of the two core systems, numerate controls perform identically to people whose language lacks words for precise quantities greater than three or four [68] .
(e) Space, language and other things The structure of adult human spatial cognition has much in common with that of numerical cognition. Basic phylogenetically widespread processes including path integration and responses to landmarks, beacons and the geometry of enclosing structures coexist with a uniquely human ability to use maps and spatial language [42, 69] . In comparative work, this analysis replaces a traditional focus on the anthropomorphic question, 'Do animals have cognitive maps?' [70] . It is a good example of how the yes -no questions traditionally pervading research on animal cognition ('Do animals count?' 'Do animals talk?') are better answered by breaking the ability in question into elements and asking which are shared among which species and why. Hauser et al.'s [71] comparative approach to language is an excellent example. On their view, basic conceptual and communicative abilities contributing to language are shared with other species, but the ability to create and understand recursive structures is uniquely human.
Although such an approach is applicable to other comparative questions about cognition, it has not always been developed. Dependence of key data on verbal reports can create a virtually insurmountable barrier to deciding how much of a process is uniquely human. This is the case with the contention [72] that humans are uniquely able to 'mentally time travel' to their personal past and future. But here too a retreat from 'do they or don't they' questions may be useful [73] and, as with tool use [4, 49] , studying how young children perform in non-verbal tasks like those given animals may be illuminating [74] . The best default assumption in comparisons of humans with other species is almost certainly that we will find differences not solely in kind or in degree but combinations of uniquely human and shared elements. The framework suggested by dual process theorizing to be outlined in the next section promises a powerful account of findings from some cognitive domains, but it is not necessarily applicable to others, such as language.
DEVELOPMENT AND HUMAN UNIQUENESS: MODULARITY PLUS DOMAIN-GENERALITY
A fundamental observation in biology is that species differences are less pronounced among young animals than among adults. Any species comparison is therefore incomplete without comparison of developmental trajectories and an account of the species-specific mechanism(s) involved. Domain-specific theories sketched in the preceding section suggest that this is as true of cognition as of other characters. This section highlights two such accounts of human cognitive development: the core cognition approach [42, 50, 52, 75] and the 'shared intentionality' theory of human versus ape social-cognitive motivation [76] . Each assumes a shared modular architecture for human and animal cognition while proposing a uniquely human domain-general developmental mechanism. Because one deals primarily with mechanisms for cognitive change and the other primarily with socio-cognitive motivations, they are largely complementary. Together, they provide the best current hypothesis for how we are both similar to and different from other animals cognitively.
(a) Core knowledge and conceptual change A core knowledge system is a set of processes for acquiring and operating on domain-specific information in characteristic ways that is present very early in life (innate) [42, 52] , one of the cognitive processes that human infants share with animals. Core mathematics, for instance, includes the ability to recognize approximate numerosities and (implicitly) take their ratios. Although what counts as a core system varies [42, 51, 52, 75] , they generally include the precise small number and approximate large number systems, and processing spatial geometry and animacy (or agency). But if infants start out with the same core knowledge systems as other species, they must also have mechanisms for learning and conceptual change that make the development of specifically human understanding possible.
On the account developed by Carey [51, 75] , conceptual change during development results from 'Quininan bootstrapping', by analogy with scientific discovery. 'Bootstrapping' implies that a child 'pulls herself up by her own bootstraps', using concepts and core knowledge she already has to grasp a concept she does not yet have. For instance, Carey claims that appreciation of integers as quantities each of which is one more than the one before, on to infinity, requires a cognitive leap during which children realize (if only implicitly) that when any set has one more added to it, the numerosity is always the next number in the already-memorized list of counting words. Chimpanzees never grasp this: each new association of symbol with set size takes as long to learn as the one before [77] . In addition to humanspecific cognitive developmental capacities indicated by findings like this one, language and culture make essential contributions: the discrepancy between what the child understands and what others around her express is what instigates 'bootstrapping'. However, even if a person eventually understands higher mathematics, the original core systems remain intact. Not all who agree about 'core systems' agree on Review. Human uniqueness S. J. Shettleworth 2799 bootstrapping as a key developmental mechanism [51] . Bayesian statistical learning is another candidate [78] as is representational redescription as originally proposed by Karmiloff-Smith [18] . Basic domain-general mechanisms such as working memory, associative learning and language also play a role [42, 52] . All operate in the context of human culture, likely to some extent via the uniquely human brand of social interactions proposed by the complementary domain-general developmental theory.
(b) Shared intentionality and ape -human differences According to Tomasello et al. [76] , the psychological key to human uniqueness is motivational as much as cognitive, a capacity for shared intentionality. As shown by extensive experimental comparisons of young children and apes, only children participate with others in 'cooperative communicative' interactions, jointly attending to and acting on things. The motivation and ability to share intentions and goals is a uniquely human form of cooperation that 'scaffolds up' the acquisition of language, cognitive skills in the physical domain and other ingredients of culture. This proposal is supported by results of comparisons between 2.5-year-old children and apes in which children performed similarly to apes on spatial and numerical cognition and simple tool use, but outperformed the apes on social tasks [11] ; (however, the appropriateness of these comparisons can be questioned, as in [8] ). A separate social factor was needed in a factor analysis to account for the performance of children but not of chimpanzees [79] . There was no evidence for a general intelligence factor (g), underlining the implication that the ape -human difference is in one particular module or aspect of intelligence. However, shared intentionality plays a role in all cultural learning, making this proposal modular and domain-general at the same time. It is consistent not only with increasing data on differences between apes and young children on cognitive tasks, but also with the idea that unique forms of human cooperation evolved along with and made possible human society and culture.
THE FUTURE OF HUMAN UNIQUENESS
The view that human cognition includes basic modular and domain-general processes shared with other animals, as well as social and cognitive developmental mechanisms that make adult cognition unique, places comparative cognition squarely in the framework of evolutionary developmental biology. A model of this framework in action is a recent demonstration that two basic patterns of electromyograph (EMG) activity shown during reflexive stepping in human infants are the same as those shown during walking in adult rats, cats, monkeys and even quail [80] . In toddlers, these two modular primitives (the authors' terms) are supplemented by two others, also shared with the other four species, whereas human adults show some unique patterns (for an example from cognitive neuroscience compare [81] ). But the value of comparing developmental trajectories across species transcends comparisons involving humans. An example is the suggestion that bonobos differ from chimpanzees in being neotenized, i.e. retaining more juvenile characteristics into adulthood [82] .
This picture of human cognitive architecture is already suggesting new questions and new approaches for comparative research. For instance, as children develop uniquely human cognitive skills such as map-reading and full-blown theory of mind, the simple shared processes they started out with are not transformed into adult understanding but coexist with it, resulting in a situation like that depicted in dual process theories of reasoning [53] , or theories of automatic versus effortful or conscious processing in memory [54] or social behaviour [63] . As we have seen, the interactions of these two kinds of processes seem to vary across domains, from supportive to competitive, raising the question of whether some general theory of such interactions is possible.
The ongoing integration of research on human adults and children with that on other animals at both behavioural and neural levels has other implications. For instance, in the past 20 years or so, a lot of attention has been given to experiments testing other animals in the same way as humans, in studies on memory, planning, imitation, understanding tools and so on [6] . The equally important enterprise of testing human adults and children in ways designed for other animals is beginning to get more attention [49, 74, 83, 84] . As we approach the 150th anniversary of Darwin's [1] pronouncement, researchers may be learning not to try so hard to prove he was right by looking for the human-like in animals and adopting a more even-handed approach, giving equal importance to what species share with one another and what is unique to each one.
